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PROBLEM TO BE SOLVED: To provide a lead-free resistor paste suitable for obtaining a 
resistor having a small temperature coefTicient of resistance (TCR) and a small short- time 
overloading (STOL) despite having a high resistance value. 
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conductive material, organic vehicles, and NiO as an additive, wherein the content of the 
glass material is 60% or more and less than 91%, the content of the electrically conductive 
material is 8% or more and 32% or less, and the content of NiO is more than 0 voL% and 
12 vol.% or less. 
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* NOTICES * 

JPO and NCI PI are not: responsible £or any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Resistive paste containing the glass ingredient which does not contain lead, the conductive 
ingredient which does not contain lead, an organic vehicle, and NiO as an additive. 
[Claim 2] Resistive paste according to claim 1 whose content of said conductive ingredient the 
content of said glass ingredient is less than [ more than 60vol%91vol% ], and is less than [ more than 
8vol%32vol% ]. 

[Claim 3] said content of NiO — Ovol% ~ super — the resistive paste according to claim 1 or 2 
which is less than [ 12vol% ]. 

[Claim 4] The glass ingredient which does not contain lead, the conductive ingredient which does 
not contain lead, an organic vehicle, and CaTi03 as an additive Included resistive paste. 
[Claim 5] Resistive paste according to claim 4 whose content of said conductive ingredient the 
content of said glass ingredient is less than [ more than 63vol%84vol% ], and is less than [ more than 
8vol%30vol% ]. 

[Claim 6] said CaTi03 a content — Ovol% ~ super- — resistive paste according to claim 4 or 5 which 
is less than [ 13vol% ]. 

[Claim 7] CuO as an additive - further — containing ~ this content of CuO ~ Ovol% ~ super- — the 
resistive paste according to claim 1 to 6 which is less than [ 8vol% ]. 

[Claim 8] Resistive paste according to claim 7 this whose content of MgO MgO as an additive is 
contained further and is less than [ more than 2vol%8vol% ]. 

[Claim 9] Resistive paste according to claim 8 said whose content of CuO said content of NiO is less 
than [ more than 2vol%12vol% ], and is less than [ more than lvol%2vol% ]. 
[Claim 10] Resistive paste according to claim 7 this whose content of ZnO ZnO as an additive is 
contained further and is less than [ more than lvol%4vol% ]. 

[Claim 1 1] Said CaTi03 Resistive paste according to claim 10 whose content is less than [ more than 
2vol%12vol% ] and said whose content of CuO is less than [ more than 2vol%8vol% ]. 
[Claim 12] A group in which said glass ingredient contains at least one sort chosen from CaO, SrO, 
BaO, and MgO, and B-2 03 And Si02 B group including one side or both sides, and Zr02 And 
aluminum2 03 Resistive paste according to claim 1 to 11 which has C group including one side or 
both sides. 

[Claim 13] ZnO, MnO, CuO, CoO, and Li2 O, Na20, and K2 O and P2 05 Ti02 Bi2 03 V2 05 
And Fe2 03 from — resistive paste according to claim 12 which has fiirther D group containing at 
least one sort chosen. 

[Claim 14] the content of each of said group — less than [ more than A group:20mol%40mol% ], less 
than [ more than B group:55mol%75mol% ], and C group :zero-mol% - super- - the resistive paste 
according to claim 12 which is less than [ 10mol% ]. 

[Claim 15] Resistive paste according to claim 13 whose content of said D group is less than [ more 
than Omol%5mol% ]. 

[Claim 16] Said conductive ingredient is Ru02. Or resistive paste containing the multiple oxide of 
Ru according to claim 1 to 15. 

[Claim 17] Resistive paste according to claim 1 to 16 whose ratios (W2AV1) of the weight (Wl) 
which totaled each powder of a glass ingredient, a conductive ingredient, and an additive, and the 
weight (W2) of an organic vehicle are 0.25-4. 
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[Claim 1 8] The resistor which has the glass ingredient which does not contain lead, the conductive 
ingredient which does not contain lead, and NiO as an additive. 

[Claim 19] The glass ingredient which does not contain lead, the conductive ingredient which does 
not contain lead, and CaTi03 as an additive Resistor which it has. 

[Claim 20] Electronic parts which have the glass ingredient with which it is the electronic parts 
which have a resistor, and said resistor does not contain lead, the conductive ingredient which does 
not contain lead, and NiO as an additive. 

[Claim 21] The glass ingredient with which it is the electronic parts which have a resistor, and said 
resistor does not contain lead, the conductive ingredient which does not contain lead, and CaTi03 as 
an additive Electronic parts which it has. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by tJie use of this 'translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to resistive paste, a resistor, and electronic parts. 
[0002] 

[Description of the Prior Art] Generally resistive paste mainly consists of the glass ingredients, the 
conductor ingredients, and the organic vehicles (the binder and solvent) for giving accommodation 
and affinity of resistance, and after printing this on a substrate, the resistor of a thick film (about 10- 
15 micrometers) is formed by calcinating. 

[0003] Much conventional resistive paste is the paste which the glass of a lead oxide system is used 
as a glass ingredient, and the compound of ruthenium oxide, or this ruthenium oxide and lead is used 
for it as a conductive ingredient, respectively, therefore contained lead. 

[0004] However, since it is not desirable from a viewpoint of environmental pollution to use the 
resistive paste containing lead, various proposals are made about a lead free-lancer's thick film 
resistor paste (see JP,8-253342,A). 

[0005] Usually, generally, the temperature characteristic (TCR) of resistance takes a negative value, 
adds additives, such as CuO, as a TCR regulator, and he is trying for that in which sheet resistance 
has the high resistance more than lOOkohm/** to bring TCR close to 0 in a thick film resistor. 
Various proposals are made about the TCR regulator (see JP,61-67901,A and JP,5-242722,A). 
[0006] However, the textile glass yam containing lead was shown, aggravation of the short time 
overload (STOL) of a withstand voltage property became a problem with accommodation of TCR by 
the conventional approach of adding additives, such as CuO, in the resistive paste which constituted 
the conductive ingredient and the glass ingredient from a lead free-lancer, and accommodation of a 
property was difficult for these approaches. 
[0007] 

[Problem(s) to be Solved by the Invention] the lead which was suitable for the temperature 
characteristic (TCR) and the short time overload (STOL) of resistance obtaining a small resistor 
though the object of this invention had high resistance ~ it is offering free resistive paste. Moreover, 
this invention also makes it the object for the temperature characteristic (TCR) and the short time 
overload (STOL) of resistance to offer electronic parts, such as a small resistor and the circuit board 
which has this resistor, though it has high resistance. 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned object, the resistive paste by 
the 1st viewpoint of this invention contains the glass ingredient which does not contain lead, the 
conductive ingredient which does not contain lead, an organic vehicle, and NiO as an additive. 
[0009] The resistor by the 1 st viewpoint of this invention has the glass ingredient which does not 
contain lead, the conductive ingredient which does not contain lead, and NiO as an additive. 
[0010] The electronic parts by the 1st viewpoint of this invention are electronic parts which have a 
resistor, and have the glass ingredient with which said resistor does not contain lead, the conductive 
ingredient which does not contain lead, and NiO as an additive. 

[001 1] In the 1st viewpoint, preferably, the content of said glass ingredient is less than [ 91vol% ] 
more than 60vol(s)(volume) %, and the content of said conductive ingredient is less than [ more than 
8vol%32vol% ]. moreover ~ desirable ~ said content of NiO ~ 0vol% ~ super — it is less than 
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[ 12vol% ]. 

[0012] The resistive paste by the 2nd viewpoint of this invention is the glass ingredient which does 
not contain lead, the conductive ingredient which does not contain lead, an organic vehicle, and 
CaTi03 as an additive. It contains. 

[0013] The resistor by the 2nd viewpoint of this invention is the glass ingredient which does not 
contain lead, the conductive ingredient which does not contain lead, and CaTi03 as an additive. It 
has. 

[0014] The electronic parts by the 2nd viewpoint of this invention are the glass ingredient with 

which it is the electronic parts which have a resistor, and said resistor does not contain lead, the 

conductive ingredient which does not contain lead, and CaTi03 as an additive. It has. 

[0015] In the 2nd viewpoint, preferably, the content of said glass ingredient is less than [ more than 

63vol%84vol% ], and the content of said conductive ingredient is less than [ more than 8vol% 

30vol% ]. moreover — desirable — said CaTi03 a content — Ovol% ~ super- — it is less than 

[ 13vol%]. 

[0016] desirable — CuO as an additive — further ~ containing — this content of CuO ~ Ovol% — 
super- — it is less than [ 8vol% ]. 

[0017] Preferably, MgO as an additive is contained further and this content of MgO is less than 
[ more than 2vol%8vol% ]. 

[0018] Preferably, said content of NiO is less than [ more than 2vol%12vol% ], and said content of 
CuO is less than [ more than lvol%2vol% ]. 

[0019] Preferably, ZnO as an additive is contained further and this content of ZnO is less than [ more 
than lvol%4vol% ]. 

[0020] Preferably, it is said CaTi03. A content is less than [ more than 2vol%12vol% ], and said 
content of CuO is less than [ more than 2vol%8vol% ]. 

[0021] It is [ A group in which said glass ingredient contains preferably at least one sort chosen from 
CaO, SrO, BaO and MgO, and ] B-2. 03 And Si02 B group including one side or both sides, and 
Zr02 And aluminum2 03 It has C group including one side or both sides. 

[0022] desirable - ZnO, MnO, CuO, CoO, and Li2 O and Na2 O and K2 O and P2 05 Ti02 Bi2 03 
V2 05 And Fe2 03 from — it has further D group containing at least one sort chosen. 
[0023] desirable — the content of each of said group — less than [ more than A group:20mol% 
40mol% ], less than [ more than B group:55mol%75mol% ], and C group:zero-mol% ~ super — it is 
less than[ 10mol%]. 

[0024] Preferably, the content of said D group is less than [ more than Omol%5mol% ]. 

[0025] Preferably, said conductive ingredient is Ru02. Or the multiple oxide of Ru is included. 

[0026] Preferably, the ratios (W2AV1) of the weight (Wl) which totaled each powder of a glass 

ingredient, a conductive ingredient, and an additive, and the weight (W2) of an organic vehicle are 

0.25-4. 

[0027] 

[Function and Effect of the Invention] this invention — lead — the conductive ingredient and glass 
ingredient which it was free and were constituted ~ NiO or CaTi03 ** — the said specific additive is 
added and resistive paste is constituted. For this reason, the absolute value of the temperature 
characteristic (TCR) of resistance is small (for example, less than **150 ppm/degree C preferably 
less than **100 ppm/(degree C)), and the resistor formed using this can do what a short time 
overload (STOL) is moreover low stopped for (for example, less than **7%, preferably less than 
**5%), though it has high resistance (for example, more than lOOkohm/** preferably more than 1 M 
omega / **). That is, since the resistor formed using the resistive paste of this invention can hold a 
good property even if the temperature and applied voltage in an operating environment change, the 
usefulness is high. 

[0028] The resistor concerning this invention is also applicable to electrode sections, such as a 

capacitor besides a monolayer or the multilayer circuit board, and an inductor. 

[0029] Especially as electronic parts concerning this invention, although not limited, the circuit 

board, a capacitor, an inductor, a chip resistor, an isolator, etc. are mentioned. 

[0030] 

[Embodiment of the Invention] The resistive paste concerning the 1st viewpoint of this invention 
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contains the glass ingredient which does not contain lead, the conductive ingredient which does not 
contain lead, an organic vehicle, and NiO as an additive. 

[0031] It is [ A group which contains at least one sort chosen from CaO, SrO, BaO, and MgO 
especially as a glass ingredient which does not contain lead although not limited, and ] B-2. 03 And 
Si02 B group including one side or both sides, and Zr02 And aluminum2 It is desirable to have C 
group including one side or the both sides of 03. more — desirable — ZnO, MnO, CuO, CoO, and 
Li2 O and Na2 O and K2 O and P2 05 and Ti02 Bi2 03 V2 05 And Fe2 03 from - it has further D 
group containing at least one sort chosen. 

[0032] The content of each of said group in this case Less than [ more than A group :20mol% 
40mol% ], It is desirable that it is less than [ 10mol% ] and less than [ more than D group *Omol% 
5mol% ]. B group: — less than [ more than 55mol%75mol% ] and C group :zero-mol% — super — 
more preferably A group: It is less than [ more than 25mol%35mol% ], less than [ more than B 
group:58mol%70mol% ], less than [ more than C group:3mol%6mol% ], and less than [ more than D 
group:2mol%5mol% ]. 

[0033] As for the content of such a glass ingredient, it is desirable that it is less than [ more than 
60vol%91vol% ], and it is less than [ more than 70vol%89vol% ] more preferably. 
[0034] Especially as a conductive ingredient which does not contain lead, although not limited, it is 
an Ag-Pd alloy besides a ruthenium oxide, and TaN and LaB6. WC, MoSi02 TaSi02 And metals 
(Ag, Au, Pd, Pt, Cu, nickel, W, Mo, etc.) etc. are mentioned. These matter may be used 
independently, respectively and may be used combining two or more sorts. Especially, a rutheniimi 
oxide is desirable. As a ruthenium oxide, ruthenium system pyrochlores (Bi2 Ru2 07-x , T12 
Ru207 , etc.) besides ruthenium oxide (Ru02 , Ru03 , Ru04 ), the multiple oxides (SrRu03 , 
CaRu03 , BaRu03 , etc.) of a ruthenium, etc. are contained, inside ~ the multiple oxide of 
ruthenium oxide or a ruthenium — desirable ~ more ~ desirable — Ru02 SrRu03 CaRu03 BaRu03 
etc. — it is . 

[0035] As for the content of such a conductive ingredient, it is desirable that it is less than [ more 
than 8vol%32vol% ], and it is less than [ more than 8vol%28vol% ] more preferably. 
[0036] With an organic vehicle, a binder is dissolved into an organic solvent. What is necessary is 
not to limit especially the binder used for an organic vehicle, but just to choose it from the various 
usual binders, such as ethyl cellulose and a polyvinyl butyral, suitably. Moreover, what is necessary 
is not to limit especially the organic solvent to be used, either but just to choose from various organic 
solvents, such as a terpineol, butyl carbitol, an acetone, and toluene, suitably. 

[0037] In the 1st viewpoint, the point containing NiO as an additive is the description. Thereby, TCR 
of a resistor and the balance of STOL which are obtained are achieved, such a content of NiO — 
Ovol% — super- — it is desirable that it is less than [ 12vol% ], and it is less than [ more than 2vol% 
12vol% ] more preferably. 

[0038] It is desirable to contain CuO as an additive further in the 1st viewpoint. CuO plays a role of 
a TCR regulator, the content of CuO in this case ~ Ovol% ~ super — it is desirable that it is less than 
[ 8vol% ], and it is less than [ more than lvol%2vol% ] more preferably. When the addition of CuO 
increases, it is in the inclination for a short time overload (STOL) to get worse. 
[0039] It is desirable to contain MgO as an additive further in the 1st viewpoint. MgO plays a role of 
a TCR regulator. As for the content of MgO in this case, it is desirable that it is less than [ more than 
2vol%8vol% ], and it is less than [ more than 4vol%8vol% ] more preferably. When the addition of 
MgO increases, there is an inclination for STOL to get worse. 

[0040] in addition, as an additive which plays a role of other TCR regulators for example, Mn02 V2 
05 Ti02 Y2 03 Nb2 05 Cr2 03 Fe2 03 CoO and aluminum2 03 Zr02 Sn02 Hf02 W03 And Bi2 
03 etc. — it is mentioned. 

[0041] The resistive paste concerning the 2nd viewpoint of this invention is the glass ingredient 
which does not contain lead, the conductive ingredient which does not contain lead, an organic 
vehicle, and CaTi03 as an additive. It contains. 

[0042] The class of the glass ingredient which does not contain lead, the conductive ingredient which 
does not contain lead, and organic vehicle is the same as that of the 1st viewpoint. However, 
although the content of an organic vehicle is the same as that of the 1st viewpoint, the contents of a 
glass ingredient and a conductive ingredient differ. 
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[0043] In the 2nd viewpoint, as for the content of a glass ingredient, it is desirable that it is less than 
[ more than 63vol%84vol% ], and it is less than [ more than 70vol%84vol% ] more preferably. 
Moreover, as for the content of a conductive ingredient, it is desirable that it is less than [ more than 
8vol%30vol% ], and it is less than [ more than 8vol%26vol% ] more preferably. 
[0044] At the 2nd viewpoint, it is CaTi03 as an additive. The point to include is the description. 
TCR of a resistor and the balance of STOL which are obtained are achieved by this like NiO in the 
1st viewpoint, such CaTi03 a content — Ovol% — super- — it is desirable that it is less than 
[ 13vol% ], and it is less than [ more than 2vol%12vol% ] more preferably. 

[0045] It is desirable to contain CuO as an additive further also in the 2nd viewpoint. CuO plays a 
role of a TCR regulator like the 1st viewpoint, the content of CuO in this case — Ovol% ~ super — it 
is desirable that it is less than [ 8vol% ], and it is less than [ more than 2vol%8vol% ] more 
preferably. 

[0046] It is desirable to contain ZnO as an additive further in the 2nd viewpoint. ZnO plays a role of 
a TCR regulator. As for the content of ZnO in this case, it is desirable that it is less than [ more than 
lvol%4vol% ], and it is less than [ more than 2vol%4vol% ] more preferably. When the addition of 
ZnO increases, it is in the inclination for STOL to get worse. 

[0047] In addition, the additive of the same others as the 1st viewpoint may be added further. 
[0048] What is necessary is for the resistive paste of the 1st and 2nd viewpoints to add an organic 
vehicle to a conductive ingredient, a glass ingredient, and various kinds of additives, for example, to 
knead it by 3 roll mills, and just to manufacture it. In this case, it is desirable that the ratios (W2/W1) 
of the weight (Wl) which totaled each powder of a glass ingredient, a conductive ingredient, and an 
additive, and the weight (W2) of an organic vehicle are 0.25-4, and they are 0.5-2 more preferably. 
[0049] A resistor is obtained by forming the above resistive paste with screen printing etc. on 
substrates, such as an alumina, crystallized glass, a dielectric, and AIN, drying it, and being burned 
about 5 to 15 minutes at the temperature of about 800-900 degrees C. 

[0050] The resistor obtained has the glass ingredient which does not contain lead, the conductive 
ingredient which does not contain lead, and NiO as an additive. Although the thickness of a resistor 
may be a thin film, usually let it preferably be an about 10-15-micrometer thick fihn 1 micrometers 
or more. 

[0051] This resistor is also applicable to electrode sections, such as a capacitor besides a monolayer 

or the multilayer circuit board, and an inductor. 

[0052] 

[Example] Next, the example which materialized the gestalt of operation of this invention more is 
given, and this invention is further explained to a detail. However, this invention is not limited only 
to these examples. 

[0053] The production conductivity ingredient of resistive paste was produced as follows. CaC03 of 
the specified quantity Or calcium2 (OH) Powder and Ru02 It is powder CaRu03 Weighing capacity 
was carried out so that it might be formed, and it mixed and dried with the ball mill. Temperature up 
of the obtained powder was carried out to 1400 degrees C at the rate of 5 degrees C / min, and after 
holding the temperature for 5 hours, it cooled to the room temperature at the rate of 5 degrees C / 
min. Obtained CaRu03 A ball mill grinds a compound and it is CaRu03. Powder was obtained. The 
obtained powder checked that the desired compound was obtained with the single phase in XRD. 
[0054] The glass ingredient was produced as follows. CaC03 of the specified quantity B-2 03 Si02 
Zr02 And weighing capacity was carried out so that it might become the last presentation (nine 
kinds) which shows various oxide in a table 1, and it mixed with the ball mill and dried. At the rate 
of 5 degrees C / min, to 1300 degrees C, the obtained powder was quenched by carrying out 
underwater dropping, after holding for 1 hour, and the temperature of temperature-up Perilla 
frutescens (L.) Britton var. crispa (Thunb.) Decne. was vitrified for it. The ball mill ground the 
obtained vitrification object and glass powder was obtained. The obtained glass powder checked the 
amorphous thing by XRD. 
[0055] 
[A table 1] 
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[0056] The organic vehicle was produced as follows. Carrying out heating churning of the terpineol 
as a solvent, the ethyl cellulose as resin was melted and the organic vehicle was produced. 
[0057] As an additive, the additive as shown in a table 2 was chosen. 

[0058] Weighing capacity was carried out so that it might become each presentation which shows 
the powder of a conductive ingredient and glass powder which were produced, and the selected 
additive in a table 2, the organic vehicle was added to this, it kneaded by 3 roll mills, and resistive 
paste was obtained. By the weight ratio, within the limits of 1 :0. 25-1:4, it prepared suitably and the 
weight ratio of the sum total weight of the powder of conductive powder, a glass ingredient, and an 
additive and an organic vehicle was pasted so that it might become the viscosity to which the 
obtained paste fitted screen-stenciL 

[0059] The predetermined configuration was made to screen-stencil and dry Ag-Pt conductive paste 
on the alumina substrate of 96% of production of a thick film resistor. Ag in Ag-Pt conductive paste 
was 95 % of the weight, and Pt was 5 % of the weight. This alumina substrate was put into the belt 
fiimace, from the charge to blowdown, on this substrate, it could be burned and the conductor was 
carried out by the pattem of 1 hour. Baking temperature made 10 minutes the holding time of 850 
degrees C and this temperature. The predetermined configuration (Ixlmm) was made to screen- 
stencil and dry the resistive paste created like the above-mentioned on the alumina substrate with 
which the conductor was formed. And resistive paste could be bumed on the same conditions as a 
conductor being bumed, and the thick film resistor was obtained. The thickness of a resistor was 12 
micrometers. 

[0060] assessment of TCR and STOL was performed to the property (TCR, STOL) assessment profit 
**** thick film resistor of a thick film resistor. 

[0061] Assessment of TCR (temperature characteristic of resistance) was performed by checking the 
rate of a resistance value change when changing temperature on the basis of the room temperature of 
25 degrees C to -55 degrees C (low temperature side) and 125 degrees C (elevated-temperature side), 
concrete - each resistance of 25 degrees C, -55 degrees C, and 125 degrees C — R25 and R-55 R125 
(omega/**) When it carries out, the elevated-temperature side TCR (HTCR) and low temperature 
side TCR (CTCR) HTCR= (R25-R125) / R25 / 100x1 million, CTCR=(R25-R-55 )/R25/ 80x1 
million was asked more (each unit is ppm/**). A result is shown in a table 2. In addition, the value of 
TCR in a table 2 shows the value with larger HTCR and larger CTCR. Usually, 
TCR<**100ppm/degree C becomes the criteria of a property. 

[0062] After assessment of STOL (short time overload) impressed test voltage to the thick film 
resistor for 5 seconds, it was left for 30 minutes, and it was performed by checking the rate of a 
resistance value change before and behind that. Test voltage was made into 2.5 times of rated 
voltage. Rated voltage was made into root (R/8). Here R: It is resistance (omega/**). In addition, 
about the resistor in which the calculated test voltage has the resistance exceeding 200V, test voltage 
was performed in 200V. A result is shown in a table 2. Usually, STOL<**5% becomes the criteria of 
a property. 
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[0064] As shown in a table 2, the following things are understood about the existence (samples 1-3) 
of addition of an additive. Aggravation of TCR was accepted although STOL was low stopped with - 
0.8% by the sample 1 which does not contain an additive. By the sample 2 containing CuO as an 
additive, although TCR was low stopped with **95% as compared with the sample 1, STOL got 
worse extremely with -13.7%. On the other hand, by the sample 3 containing NiO as an additive, 
TCR could be adjusted to less than [ **100% ], and, moreover, was able to be low stopped with - 
0.8% also about STOL. In addition, samples 1-2 show the example of a comparison, and a sample 3 
shows an example. 

[0065] The following things are understood about the case (samples 4-12) where a glass presentation 
is changed. Zr02 (C group) ten-mol% ~ the sample 6 containing the added glass ~ Zr02 It was in 
tolerance although there was an inclination for STOL to get worse, as compared with the sample 5 
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containing the glass which is not added. Zr02 aluminuni2 03 (C group) Also when it replaced with 
(sample 10), it has checked that there was same inclination. CaO (A group), B-2 03 (B group) Si02 
(B group) If attached, even if the property is maintained between a certain amount of presentation 
ratios (samples 4, 7-9) and it adjusted the presentation ratio for the purpose of adjustment of glass 
properties, such as softening temperature, it has checked not affecting fluctuation of TCR and STOL. 
In addition, when it permuted about the same II group's MgO, SrO, and BaO and the same 
experiment was conducted to CaO (A group), it also checked that there was same inclination. Even 
when ZnO and MnO (both D group) were added further (samples 1 1-12), it has checked not 
affecting fluctuation of TCR and STOL. In addition, samples 4-12 all show an example, 
[0066] It was checked about the case (samples 13-15, 18-21) where other additives are added with 
NiO that all are effective in adjustment of TCR and STOL. STOL can be further made small by 
effectiveness being large in the combination of NiO and CuO, and adding MgO especially, (samples 
15, 18-21). However, by the sample 20, probably because there were many additions of NiO, it is in 
the inclination for TCR to get worse. About the samples 16 and 17 (resistance: about 1 M omega) 
which made resistance higher a single figure than samples 1 and 2 (resistance: about 100 K ohms), 
by the sample 16 which does not contain an additive, the same inclination as a sample 1 was 
checked, and the inclination as a sample 2 for the sample 17 containing CuO as an additive to be also 
the same was checked. In addition, samples 13-15, and 18-21 show an example, and samples 16 and 
1 7 show the example of a comparison. 

[0067] It is CaTi03 from NiO about the class of additive. The following things are understood about 
the case (samples 22-28) where it replaces with. CaTiOS Although the adjustment effectiveness of 
TCR was small when it added independently (sample 22), to lowering of STOL, it was notably 
effective. CaTiOS Lowering of STOL was notably accepted also about the case (samples 23-28) 
where other additives are added. Especially, it is CaTi03. STOL can be further made small by 
effectiveness being large in the combination of CuO and adding ZnO (samples 25-27). In addition, 
samples 22-28 all show an example. 

[0068] In addition, from samples 21, 27, and 28, when adding NiO or CaTiOS as an additive, even if 
it was a resistor with the low resistance not more than lOkohm, it was also checked that it can have 
the property of outstanding TCR and STOL. 

[0069] As mentioned above, although the operation gestalt of this invention has been explained, as 
for this invention, it is needless to say that it can carry out in the mode which becomes various within 
limits which are not limited to such an operation gestalt at all, and do not deviate from the summary 
of this invention. 

[Translation done.] 
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n 1 





ie^(mol%} 




CaOrBs O3 


S1O2 iZrOz =34:36:25:5 


® 


CaO:B2 Og 


Si02 =35:39:26 




CaO:B2 O3 


SiOa iZrOz =35:33:22:10 


® 


CaO:B2 Oa 


SiOg iZrOz =40:33:22:5 


® 


CaO:B2 O3 


SiOa iZrOg =35:24:36:5 




CaO:B2 O3 


SiOg iZrOz =20:45:30:5 




CaO:B2 O3 


SIO2 :Al2 O3 =34:36:25:5 


® 


CaO:B2 O3 


Si02 :Zr02 :ZnO=34:32:24:5:5 




CaO:B2 O3 


Si02 :Zr02 :MnO=34:32:24:5 :5 



[0 0 5 6] ^^tf^z^PJi.^^XCD^oiZi'fmLtzo 5t»J 
T X 5=- ;L.-ir ;u P — X ^ A^ L T e t <7 ;u ^ It SI L 
[0 0 5 7] 'Mn^tLxlt. SaicTF-Tcfca^f^APl^o 
[0 0 5 8] i^mLfzmm^^m(Dm^ts^lSii^7s^Si 

*Sjt<!:>c»:i)cfc^l3. mSJib-ri : O. 2 5-1 : 4 OfB 

[0 0 5 9] jgfliaa^axta^ 

9 6%CDT;US^ate±l:i. A g-P t X 
RlT^Jf^ttlCX^ >EnejLT^Jg$-t±/co Ag-Pt 

X hic*sit«>A gri9 5ma%. ptiisms 

mmit^ o^AtLtz. m^t<mm^*itz7)\^^^&WL± 
mv^(D:^t<i'^f&LfzmKW^-7.[^^mm^^ 

(IX 1mm) {Z7.<P 'J—>^m\LX^m^-±fzo 

n\f. mmmm^mtzo ts^m{^<DmMt^ zumx& 
[0 0 6 0] mmmKi^<Dm± (tcr. stop m 



mk^titzmmt&tiimzitLx. rcRtsroLa^mm 
[006 1 ] T c R (ffitiT:M(D;am#i4) mmit. m 

S2 5"C^a>^(t Lr. -5 5"C im^M) . 12 5°C 

-^}Sim^^^tzt^(DmiAm.(Dmtm^mm 

■t^ZtlZ^iJ^^T-otzo mW^iZit. 2 5"C. -5 5 
°C. 12 5 °C0-etl^tlcr)SJ/Lffi^ R 2 5 ^ 
R_5 5 . R 1 2 5 (Q/O) it Ly-df-g-l^. iftS 
fijTCR (HTCR) fc<fcr/ig;a<|ijTCR (CTCR) 

HTCR= (R2 5 — R 1 25) /'R25>^1 00 
xlOOOOOO. CTCR= (R25 — R— 55 ) 

/R25/' 80X 1 000000. ircfeU^iftfc 

«2lrfclti)TCR<Dffl(i. HTCR^hCTCRCD;^^ 

i^:;^(Dia^7FLri^^o il^. t cr<± i. o o p pm 

[0062] STOL (m^rsMMW (Dmm\t. mm 
mKi^izummK'S: smmLtzmiz 3 o^^ssml. t 
(Dmmzis{f^mjim(Dmtmi^mmr^:zt\z^ y^T 
-Dtzo u^mmt. ^i§mi±o2. 5<gctLfco 

J±\t. r (Rz-S) ihL/co -Ctr R : tSJ/ilil (Q/- 
□ ) r&>g)o I+»L/i!Si^SI±7!)^2 0 O V^Jg^ 

>5)JStt<i^toffim<*icoiNr(*. Kitmj±^20 o V 

icrffofco I^S^S2lr:^-ro iiffi. STOL<±5 

[0 0 6 3] 
[S2] 
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^mn 1 




TCR 


STOL 


^^ 


an 




m 








Qyn 
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»i 


CaRuOs 


15 


CD 


B5 


- 
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177600 


:t1200 


-0.8 


*2 


CfiRuOj 


12 






OuO 


1 


132100 


±95 


-13.7 


3 


CaRuOa 


28 




60 


NiO 


12 


1 101OO 


±90 


-0.8 


4 


CsRuOj 


28 




70 


NiO 


A 


146700 


±100 


-1.5 


£ 


GaRuOj 


28 


® 


$8 


NiO 


4 


109600 


=t95 


-5.4 


6 


CbRuOs 


27 




6S 


NiO 


4 


1 1550O 


±B0 


-6J) 


7 


CaRuOj 


26 




70 


NtO 


4 


103300 


±100 


-1,8 


8 


OaRuO) 


24 




72 


NiO 


4 


150400 


±95 


-2.1 


9 


CaRuO^ 


26 




70 


NK) 


4 


146200 


±100 


-23 


10 


CflRuOa 


20 




74 


NiO 


6 


153100 


±85 


-1 J 


11 


CfiRuOa 


22 




72 


NiO 


6 


tZSBOQ 


±75 


-1.6 


12 


CaRuOa 


20 


f 


77 


NiO 


3 


134100 


±90 


-33 


13 


CaRuOs 


14 




79 


NiO 


6 


123100 


±80 


-IJ2 












CuO 


1 








14 




B 


® 


89 


NiO 


2 


130100 


±50 


-15 












CuO 


2 








15 


CaRuOg 


14 


(3) 


75 


NiO 


6 


114000 


db70 


-0.9 












CuO 
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*18 


CaRuOa 


12 




38 


- 


- 


1067000 
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-0^ 




CaRuOs 


8 


® 


91 
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±160 


-27.7 


18 


CaHuOa 


14 




69 


NiO 


12 


1O72D0O 


±100 


-25 












CuO 
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WsQ 


4 
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70 
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1461000 


±100 


-4.3 












CuO 
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MfO 
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GaRuO} 


15 


® 


72 


NtO 


13 


1672000 


±160 


-5.5 












CuO 
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MgO 


4 








21 


GaRuO^ 
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® 


70 


NIO 
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10060 


±80 


0.0 












CuO 
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MfifO 


2 
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15 




81 


CaTiOk 


4 


356800 
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0.0 


23 


CbRuO) 


12 




78 


OaTO, 


B 


965300 


±100 


-1.2 












CuO 


4 
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CaRuOs 


IS 


® 


65 


CaTiO, 


12 
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OuO 


B 








25 


CaRuOg 


8 


G) 


84 


OftTrOj 
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±95 
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OuO 


3 


















ZnO 
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CaRuOa 
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82 


OftTiOa 
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±76 


-0.5 
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2 
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27 


OoRuD^ 
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® 


74 


CaTtOj 
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0.0 
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CaTiOj 


4 


10060 


±60 


0.0 












CuO 


3 









i o^^t;IS*4 3-r?(i. t c ± i o 0%iiii:*3l3l)llS 

"C^. L?^)^t;STOL(COl^Tt-0- 8 ffl ;^ 

[0 0 6 5] :ti^^yc.^^fii$:^^jb*-t±frli^ (iS*44-1 
2) (rllL. iaTCDCi:;6<Ilfi?5?:H^o Zr02 (C 



II) ^lOmo I %;S^PL/r:^'^x^#t;iS*'4 6TMi. 
2 r 02 ;^)^*j^^ID$^^rl^^^:l^:^^^X^^tiS*4 5 ihlt 

(IS*41 O) |s]^i(DMfS]75)<fe^C<t;5)<5t|gtr^ 
fzo CaO (All) . B2 O3 (B||) . S i O 
2 (BH) ICOINTI*. fcSSjt(D*lJ*li:<7)rBlT*t#tt 
;bMSfcnrfcy (i4*'44, 7-9) . ^^b,#.^:^*^x4$ 

fc\ CaO (AH) IwJttUr. l?li:!IJSlC0MgO. S r 
5> l^lt»a)ilifS];b<fc>g,C<!:t5SigLfco ZnO. MnO 



(8) 



2003-197405 



2) T't. TCR. S TO L(DSi^Il::^S^■^^^Ct^C 

[0 0 6 6] M \ Ott'b\Zt(D^0'M1}U^i^'S:'MULfz 
(^*4l 3-15. 18-2 1) l::F^ L. L^■r4^t 
TCR. STOL<Dm^\Z^yJ}'CS:>^ZttimmtS^ 

^(14*415. 1 8-2 1) o fcfcL. 14*42 o-CI*N 

i oco'mumt^^'f^^'ofzfzisbtK T cRt<mit't^m\^ 

(r&^o *SB<iS^iS*'4l fccfct;2 (tgjjtfii : $^1 OOK 
Q) cfcy ti-*?Tia< Lfci4*4l 6fc<kt/1 7 (ffi^jifil: 

^t;i4*'4 1 7 -:rtis#4 2 tmm(Dm\^t<mm^^tzo ?s 
fc. 14*41 3-15. 18-21 itmmm^TjkL. un 

[0 0 6 7] ai*n4a(7)fia$-N i O^b^bCaT i O3 



izit^fzm^ (14*42 2-2 8) ICML. \iiT(DZtt< 
S«$*lSo CaT i 03 &#a-raS*PLfcli'& (14 
*42 2) \Z\t. T CR<DmmJ}mt^\^^l^t<. STOL 
(DfiT(^>t*LT(iSSlC>aia;!)^fcofco CaT i 03 
IC-ecDte(D^M$^*aLfcii^ (14*42 3-2 8) 
OL^rtSTOL(D^£T3&<S^IC|S^^)b*lfco ^\Z. C 

n0^mpLi>ZtV^i^{zsT OL^n^^<-r:^^ (14 
*42 5-2 7) c 'Efts. K*4 2 2-2 8 fit^-T+Lti ^86 

[0068] 14*4 2 1. 2 7. 2 8 ?) . '^1}U^ 

t UrCDN i fcliC a T i O 3 ^'^m-tHit. 1 O 

T C R i3 * S T O L (7) It ^ iSr ^ C lb A< T* # * c t 

[0 0 6 9] ia±. :^Mm(Dmmmmiz-Di^xmmLx 
^fzt<. :fi%BM\tc.^ Ltzmmm\z^mmm^*ii>i, 



F^— A(##) 4G062 AA08 AA09 AA10 BB01 BB05 
CC08 DA04 DA05 DA06 DA07 
DB01 DB02 DB03 DC03 DC04 
DC05 DC06 DC07 DD01 DD02 
DD03 DE01 DE02 DE03 DFOl 
EA01 EA02 EA03 EBOl EB02 
EB03 ECOl EC02 EC03 ED01 
ED02 ED03 ED04 ED05 EE01 
EE02 EE03 EE04 EE05 EF01 
EF02 EF03 EF04 EF05 EG01 
EG02 EG03 EG04 EG05 FA01 
FBOl FB02 FB03 FC01 FC02 
FC03 FD01 FEOl FF01 FF02 
FF03 FGOl FH01 FJ01 FKOl 
FL01 GA01 GA02 GA03 GB01 
GC01 GDOl GE01 HH01 HH03 
HH04 HH05 HH07 HH09 HH11 
HH12 HH13 HH15 HH17 HH20 
JJ01 JJ03 JJ05 JJ07 JJ10 
KK01 KK03 KK05 KK07 KK10 
MM13 NN32 
5E033 AA18 AA24 BA03 BCOl BE01 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SffiES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



